18 97MNRAS. .57. .357H 


March 1897. Mr. Maxwell Hall , Sidereal System. 357 


The Sidereal System Revised in 1896. By Maxwell Hall. 

The original article (Memoirs R.A.S. vol. xliii. p. 157) was 
revised in 1887 {Monthly Notices , vol. xlvii. p. 521 ); the present 
revision is undertaken to meet the determination by photography 
at the Potsdam Physical Observatory of the radial velocities of 
fifty-one stars, the determination by photography at the Oxford 
University Observatory of the annual parallaxes of about twenty- 
six stars" of the second magnitude conveniently situated in that 
latitude, and to meet the recognition of the greater accuracy of 
the stellar proper motions as deduced by Dr. Auwers. 

I11 the present revision the latter proper motions are always 
used when possible. 

Note I. contains a list of those stars whose proper motions 
have been taken from other authorities. 

Note II. contains a list of observed parallaxes ; the means 
have been adopted. 

Note III. contains the radial velocities observed by Dr. 
Huggins, at Greenwich, and at Potsdam. It is disappointing to 
find so many contradictory results ; in the case of many stars the 
adopted means seem very uncertain. 

It will be noticed that the general effect of the Potsdam 
observations is to greatly reduce all radial velocities ; and it will 
be found that the Oxford parallaxes are much larger than the 
computed parallaxes ; consequently it appears that there are 
large errors among the constants of the system hitherto adopted ; 
and these large errors must first be ascertained before we can 
possibly proceed. 

From the revision of 1887 the value of IIV was found to 
be o ;/, io ; and from the manner in which nV and V enter the 
computations it will be seen that if IIY be still considered o^io, 
but that if Y be reduced to 5 and II increased to o"*o2, then all 
the radial velocities will be diminished about one-half, and all 
the parallaxes will be nearly doubled. 

Let us consider the effect of these changes on the very few 
stars whose parallaxes and radial velocities have, both been 
ascertained with considerable accuracy :— 
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Observed. 


Star. 

■w 

dp 

dt 

•ST 

dp 

at 

Sirius 

// 

0*27 

O? 

n 

O3O 

0 

Areturus 

C07 

- 9 

O38 

- 7 

Capella 

0*07 

+ 7 

o*o6 

+ 4 

Hi gel 

003 

+ 4 

0*03 

+ 9 

Vega 

012 

- 9 

0*16 

—10 

Procyon 

023 

+ 2 

014 

+ 4 

a Orionis 

002 

+ 6 

0-03 

4 7 

Altair 

0’20 

- 8 

0-32 

- 7 

Aldebaran 

0 10 

+ 11 

0*04 

+ 7 

Polaris 

O 

6 

- 6 

O' 02 

— 6 


Among these twenty results of computation the only serious 
difference between observation and computation occurs in the 
case of the parallax of Areturus. Peters obtained o // *i2 7, Elkin 
o n 'oi 6 ^ so that the mean o r, 'oj must yet be considered uncertain. 

Omitting, then, the parallax of this star, the sums of the 
observed and computed parallaxes agree ; and the sums of the 
observed and computed radial velocities, neglecting their signs, 
also agree. 

In the following general computations there will be consider¬ 
able saving of labour by employing only three decimal places for 
both natural numbers and logarithms instead of five, as before. 
In the case of any star the results depend upon its position and 
proper motion ; and although the functions depending on position 
may be computed with accuracy, yet three places of decimals will 
clearly give as much numerical accuracy to the functions depend¬ 
ing on proper motion as the uncertainty connected with proper 
motion will justify. 

It was shown in the last revision that when failure occurred 
in computation such failure was generally due to the assumption 
of circularity of the star's orbit, and elliptic orbits were dis¬ 
cussed.* We shall here give the cubic equation for u, so that in 
difficult cases it may be easily ascertained whether such failure 
exists or not—indeed, in cases where p 0 is not approximately 
known, much time may be saved by its use. 


The cubic equation for u. [r 2 = Fr c 2 .] 

TXT 1, K + flllY 

We have « = —--, 

H + n Po 

and, aVJw-i + HnV) 

c * + «*_n*v* 


* In the fig. Monthly Notices, vol. xlvii. p. 522, dele the letter if/ ; and 
dele the words “ the angle ACS,” p. 523, line 8. 
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Multiply the last equation by II, and add H to both sides, then 

H - no _ 2ny ( au -1> + B it V) + H (c 2 + n- - n 2 V 2 ) 

Invert, and multiply by (K + &IIV) ; then 


11 = 


(K + «nV) (c 2 + u- - n 2 V-) 


2IIV {au — b + Hn V) + H (c- - ir - n-V-’)‘ 


Let 


A~ 


K - anv 

H 5 


B = c 2 + n 2 Y 2 - 


2b n v 

II 1 


C = K ~'' nV _ n -v 2 : ; 


then 


w 3 —Aw 2 + Bw—C = o. 


This equation may easily be solved by approximation, and 
then 


Po=- 


K + aII Y-Ha 
Tin 


Up to the present we have assumed that the stars are 
uniformly distributed, so that the force to the centre varies 
directly as r 0 , and so that in circular orbits 

* 2 = Fr 0 2 . 

But from considerations based upon the number and magni¬ 
tude of the stars there is good reason to suppose that the 
number of the stars in an unit volume of space, or, in other 
words, that the star-density of space, varies inversely as the 
distance from the centre. 

In this case the force to the centre is constant, and for 
circular orbits 

t - 2 = Fr 0 . 


How this change in the law of force has little or no effect on 
the nearer stars ; and in order to ascertain which law of force 
gives the better results we shall have to compute the parallaxes 
and radial velocities of the stars upon the two suppositions. 

It will be convenient to collect all the formulae for computa¬ 
tion : 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 












18 97MNRAS. .57. .357H 


360 Mr, Maxwell Hall , The Sidereal lvii. 5, 

0 --? North Polar Distance ) 

<p = Right Ascension 
80 = Annual proper motion in 0 
$<p = Annual proper motion in <p 
TaTss Annual parallax, in seconds of arc ; 

p 0 - Distance in sidereal units - A; 

'ST 

~ Annual change in distance, taking the radius of the Earth’s orbit as the 

€LV 


?\ 

L of a star, Jan. ro, 1850; 
. in seconds of are ; 


unit of space. 


I = sin 6 cos (p; 81 — n 89 . cos <p — m 8 $; 
m — sin 9 sin <p ; 8 m = n89 . sin <f> 4- 18$ ; 
n as cos 9 ; 5 w = — sin 0 . 50 . 

a — lA + mfi + nv ; log A =— 9*166 
£> = \8l + p.8m + v8n,; log ^=— 9*914 
c- = 8f 2 + 8 m 2 + 5 a 2 ; logv= 4 9744 . 

H = IL + ml + raN ; log L = — 9*936 
K = L 5 ^ + ]V 18 tfi + N 5 »; logM= -9*223 
log N=-9-678.* 

V = 5; nV=0*100; n = 0*020. 


K + «nV dp 
ll + n/v at n 


Then for v 2 — IV.,’-' we have 


P o s 


2V( au-b + 'S nV 

cr + n 2 — II-V 2 


And for v~ = Yr Q ¥e have 


2V (au-b+ \ 

r n — 1 T + ITr / 


Po- 


c 1 + u 2 - 


n-Y- 


I +n r. 


0 


where r 2 =R 0 2 + p 2 + 2HR 0 p 0 . 


or nr 0 = a/ 1 4 n 2 /j 0 2 + 2llnp o r 

The following example for ?; 2 =Fr 0 2 is given. Much labour 
may be saved by using printed forms. 


* Instead of —9*677, so that LVMVPj to three decimal places, may 
equal rooo. 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 









18 97MNRAS. .57. .357H 


System Revised in 1896 


March 1897. 


361 


[Example.] 


a Lyra. 


R.A. = i8 h 31“ 51 s ; P.M. in R.A. = + o*-oi73 
N.P.D. = 5i° 21'; P.M. in N.P.D.- -o"-295 

0 = 51 0 21'; 50 = -0-295 
0 = 277 58; 50=+0260 


Auwers 


M = o-2 


log sin 0 = + 9*893 + 9'^93 

log cos 0 = + 9-142 ; log sin 0 = - 9'99^ 

log Z=+9-035; log m= -9-889; log »= +9 79^ 


log w = + 9796 

log 50 = —9-470 

— 9*266 
log cos 0 = + 9*142 

— 8 408= —*026 

log w = — 9*889 
log 50 = +9AI5 

— 9-304*= + *201 

5 Z = +*175 

log 8Z= +9-243 ; 
log 5 m= +9-324 ; 
log 5 ;i= +9-363; 

log A = —9-166 
log / = + 9-035 

— S-2oi = —*016 

log n = — 9 " 9 I 4 
log Til SB —9 889 

+ 9-803= + 635 

log v = + 9744 
log n = + 9796 

+ 9-540= +-347 

a = + *966 


— 9-266 
log sin 0= —9-996 

+ 9-262= +*183 

log 1= +9'035 
^ 9415 

+ 8*450= +-028 

8 m — +- 2 H 

5Z 2 = -030 6 
5,/r = -044 5 
5 « 2 = -053 2 
c‘- = -128 

log A = —9*166 

log 5 / = +9-243 

—8-409= —*026 

log += -9-914 
log 5 //?= +9*324 

-9-238= -*173 

log v= +9-744 
log 8 n = +9-363 

+ 9-107= +-128 
5 = - 071 


* Change the sign. 
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Mr. Maxwell Hall . The Sidereal lvii. 


log L = - 9936 
log 1 = +9-035 

-8-971=--094 

logM= -9-223 
log m = — 9-889 

+ 9-112= +-130 

log N = —9-678 
log 11- + 9*796 

-9'474=--298 

H = -*262 


log L=-9-936 
log 5 1 = +9*243 

-9-179=-*151 

logM= —9-223 
log Bm = + 9*324 

-8547= -'035 

log .N = —9 678 
log Bn = + 9-363 

— 9041 = —*110 
K= --296 
«nv = + -097 
(K + anV= — *199 
i log.=-9299 


Assume p 0 — 6 4 

ITp 0 = -128 
H + n Po =- 134; 


C 2 = OI28 
W 2 =2*20S 
- n 2 Y- = — *010 
2-326 


log= - 9127 

logii = +10-172 
log a = + 9-985 
log au- + 10-157 

an— +1-436 
-6= + -071 
HnV = - -026 
1-481 


And 


1-481 x 10 c 

+326 = ®' 4 “ ^ 


' Therefore -sr = o '* 16 

and — = —10 
dt 
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It thus appears that the results from i; 2 =Fr 0 2 are identical 
with those from v z —¥ r 0 in 50 cases ; that the results from the 
former equation are better than those from the latter in 10 cases ; 
but that the differences are important in only 4 cases ; * that 
the results from the latter equation are better than those from 
the former in 11 cases, but that the difference is important in 
only 1 case • f and that in the remaining 20 cases the results are 
either unknown or doubtful. 

The present researches therefore show that the results from 
the two equations are nearly the same, but that those from 

v- = Fy 


are slightly preferable to those from the other ; and in con¬ 
sequence v 2 = Fr 0 2 should certainly be adopted, although no doubt 
in any special case, as in No. 12, a solution may be obtained 
from v 2 =Fr 0 , the circumstance being duly noted. 

The results of the above computations may be thus roughly 
analysed :— 

Of the 72 stars observed for parallax, in 49 cases the compu¬ 
tations are more or less correct, in 15 cases doubtful, in 1 case 
wrong, and in 7 cases impossible. 

Of the 53 stars observed for radial velocity, in 28 cases the 
computations are more or less correct, in 13 cases doubtful, in 5 
eases wrong, and in 7 cases impossible. 

This is a very great improvement upon the revision of 1887, 
and we are therefore encouraged to look for still closer agreement 
between observation and theory : at present 3 stars out of every 
5 revolve in orbits more or less circular round the common centre, 
and 2 stars out of every five revolve in orbits more or less 
elliptic : and it is of course impossible to say at present w T hat 
degree of circularity will be ultimately obtained. 

In our search for further improvement the first matter for 
consideration is the position of the solar apex, or the point 
towards which the Sun moves ; from the earlier investigations 
we found 


a= 259'S 1 

0= 56-4 f 


1850; 


but recent investigations show that while [i is tolerably correct, a. 
should be considerably increased :— 



a 

0 

Dunkin 

2637 

Oa 

<-7o 

O 

L. de Ball 

269-0 

66-8 

Raneken 

234-6 

58 i 

Bischof 

285-2 

4 i -5 

Ubaghs 

262-4 

03'4 


* Nos. 25, 47, 48, and 55. 



a 

0 

L. Struve 

273*3 

IN. 

VO 

Plummer 

273 ' 1 

66-6 

Boss 

283-3 

45‘9 

Stumpe 

285O 

53-8 

Porter 

28r2 

49'3 


f No. 12. 
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But if we still assume that the solar orbit is circular, a con¬ 
siderable increase in a will require a considerable increase in the 
K. A. of the centre ; and this is out of the question in the present 
state of the theory. 

It will therefore be advisable to find corrections to the 
adopted positions of the Centre and Apex, removing the re¬ 
striction that they must be 90° apart; but as this will involve 
5 corrections, it will be further advisable to attempt the complete 
solution and find the 7 corrections, A A, A/z, AL, AM, AY, All, 
and AA, the necessity of which was foreseen in the Revision of 
1887, page 539. 

We now have 

F = n 2 V 2 (I — A) ; 

t> 2 = Fr 0 2 ; 

r 0 ^R/ + 2im o p 0 + p 0 2 ; 

K + oUY + ^rV 
H + n^ ; 

r = La. + Mju 4 NV; 

= gV(gi t-ft + H nV)_. 

Po c“ 4 vr - n 2 Y 2 4 Aw 2 V" 2 . n 2 r 0 2 5 

do 

~ +m =° ; 

I 

w = —, 

Po 


With regard to the factor n 2 r 0 2 in the term whose coefficient 
is A, whenever >m is equal to or greater than o"*i, n 2 r 0 2 may be 
taken equal to 1. 

Let 


e = 2 wY (au—b-i- Hn Y) - (c? 4 u- — n 2 V 2 ) - A . ts 2 Y 2 . n 2 r 0 2 . 


so that if all the quantities have been rightly taken 

6 = 0. 


Again let 



TJ = ll- FZn - u (l- nF) 4 wY (A - vF) ; 

"W = dm — Q 5 %— u (m — 11Q) 4 wY (/z — vQ) ; 
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then 


371 


de 

dvr 

de 


= 2 Y[au-b + UTiV)-28(& . Tlp 0 -TY)- 2AY 2 (nr 4-Hn\; 


\dt 


+ 2SY{n(J-»j?) + w(L-N>)} ; 


de 
dp- 

ii 

dL 

JL = 2SW + 2wV . nV(w~«Q)(l-A) ; 


2 wY\utyn — 11 q) — (§m — qhi)} -f 2SY}n m — ng) 4-nr(M — N#)} ; 
= 2SU + 2nrY . riY( 7 -ftP)(l - A) ; 


= 2 w(au — b + Hn Y) 4- 2S(IIa + nrr) — 2llY(n -f Hnr) — 2Axr 2 V.. n 2 f 0 2 ; 


de 

dY 

d* _ _ ts .2y2 n 2 r ., 2 ; 
dA 0 ’ 


de 

du 


= 2S (aV ^9 + 2 wV 2 (H + np„X I - A) ; 

where both Y and A are zero at present. 

A gain let 

d K,7[ (7e 
dA 6 dur’ 

de »w d-e 

djT ^ d™ 

de _ * de 

dh~ dv 

de _ j, de 

d5,l~ du t' 

de _ p de 

dY d-m ’ 

de __ de 

dA dw ’ 
de _ j-, <?e 


an 


dc 


then 

. AA + 'gB . Ajii + A . AL + B . AM + C . AY 4 - D . A A + E . ATI + A nr = o 

where AA, A/m, AL, <fec., are the corrections to be applied to the 
assumed values of A, jn, L, &c, and where Anr is the observed 
minus the computed parallax. 

Similarly if 

q = ^: ! 11 ± n Po) > 


then 


uK 


• AA + • A /j. + A . AL 4- JB , AM 4* C . A Y 4* I) . A A 4- E . All 4* Gr . A — O 

do 


where A^ is the observed minus the computed radial velocity. 
ctt 
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Note I. 

The proper motions employed in this article were those found by Dr. 
Auwers, and were taken from the Greenwich Ten-Year Catalogue of Stars for 
1880, excepting:— 


No. 

Star. 

Authority. 

2 

a Argus 

Nautical Aim., 1896. 

4 

a Centauri 

Elkin, Mem., vol. xlviii. p. 14. 

17 

7 Orionis 

Main, ,, „ six. p. 142. 

6o 

5 Ilerculis 

„ „ xxviii. p. 134. 

64 

10 Ursse Maj. 

D. A. C., 3059. 

67 

e Eridani 

Elkin, Mem., vol. xlviii. p. 1 75 - 

70 

3 Equulei 

Stone, ,, ,, xxxiii. p. 73. 

74 

£ Toucani 

Elkin, ,, „ xlviii. p. 168. 

77 

e Indi 

„ „ „ xlviii. p. 119. 

82 

1830 Groomb. 

Argelander, Gr.Ten-Year Cat., 1880, 

83 

1618 Groomb. 

v tt 

84 

2. 1516 

tt tt tt 

85 

21, 185 Lalande 

tt tt tt 

86 

9352 Laeaille 

Gould, Mem., vol. xlviii. p. 140. 

87 

2. 2398 

Lamp., As.tr. Nach., 2676 and 2807. 

88 

34 Groomb. 

Argelander, Gr. Ten-Year Cat., 18S0. 

89 

21,258 Lalande 

99 n 

90 

17,415 Oeltz. Arg. 

99 J) 5J 

9i 

11,677 Oeltz. Arg. 

Geelmuyden, Asir. Nach., 2287. 


Note II. 

The following parallaxes are employed in the above article, the means of 
different results being taken when possible. For many of them I am indebted 
to a Catalogue of Stellar Parallax, by the late Dr. Pritchard (Ast. Ohs. made 
at the Univ. Ohs . Oxford , No. IV.) :— 


No. 

Star. 

Parallax. 

Authority. 

I 

Sirius 

// 

0 23 

Henderson, Mem. vol. xi. p. 239. 



0’27 

Abbe, M.N. vol. xxviii. p. 6. 



0193 

Gylden. 



0381 

Gill and Elkin, Mem. vol. xlviii. p. 187. 



0*268 

Mean. 

2 

Canopus 

0*028 

Elkin, Mem . vol. xlviii. p. 183. 

O 

Areturus 

0-127 

Peters. 



0016 

Elkin, Report Yale Coll. Ohs . 



0*072 

Mean. 

4 

a Centauri 

0913 

Henderson andMaclear, Mem .vol. xii. p. 370. 
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No. 

Star. 

Parallax. 

Authority. 



°' 9 X 9 

Maelear, Mem. vol. xx. p. 98. 



0916 

Mean from zenith distances. 



0880 

Moesta at Santiago, 



0*521 

„ Observatory, vol. iii. p. 662. 



0*512 

Elkin, M.N vol. xli. p. 223. 



0*752 

Gill and Elkin, Mem. vol.xlviii. p, 1 



0*716 

Mean. 

5 

Capella 

0046 

Peters. 



0*095 

Elkin, Yak Coll. Obs. 



0*070 

Mean. 

6 

Rigel 

— 0004 

Gill ^ 

- Cat. Stellar Par . 



0-055 

Schur j 



0026 

Mean. 

7 

Yega 

0 q | 

*-* d 

Oi Q\ ! 

en ,,,-j j 

Airy, Man . vol. x. p. 265. 

W. Struve, Peters, and 0 . Struve, 



vol. xiii. p. 74. 



0*103 

Peters, Cosmos, vol. iii. p. 261. 



0*188 

Prim now, BuminTt Obs. vol. ii. 



0*134 

A. Hall, Nature, vol. xxxv. p. 258. 



0*092 

Elkin, Yale Coll. Obs. 



0*122 

Mean. 

S 

Procyon 

0*123 

Auwers. 



0*341 

Elkin, Yale Coll. Obs . 



0*232 

Mean. 

9 

a Orionis 

0*022 

Elkin, Yale Coll. Obs. 

10 

Altair 

0*lSl 

Struve, Mem. vol. xii. p. 29. 



0*214 

Elkin, Yale Coll. Obs. 



OT98 

Mean. 

ii 

Aldebaran 

0*102 

A. Hall, Nature, vol. xxxvi. p. 138. 



0*101 

Elkin, Yale Coll. Obs. 



O'102 

Mean. 

13 

Pollux 

0*057 

Elkin, Yale Coll. Obs. 

14 

Regulus 

0*089 

77 )7 >1 

15 

« Cygni 

0*012 

>} 1> 

20 

e Ursae Maj. 

0*081 

Pritchard. 

21 

a Persei 

0*087 

D 

22 

)8 Tauri 

0*063 

U 

23 

a Ursae Maj. 

0*046 

y> 
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No. 

Star. 

Parallax. 

Authority. 

25 

j 8 Aurigse 

,7 

0'062 

Pritchard. 

2 6 

a Androm. 

0-058 


27 

Polaris 

0-067 

Peters. 



0-025 

Schweizer. 



0*015 

L. de Ball, Observatory , vol. viii. p. 314. 



0079 

Pritchard. 



0 046 

Mean. 

29 

a Arietis 

0*080 

Pritchard. 

3 i 

7 Cassiop. 

0-012 

r 

32 

Androm. 

0-074 


35 

Leonis 

0 029 

)> 

37 

£ Ursse Min. 

0-022 

99 

40 

7 Cygni 

0-102 

97 

41 

/3 Cassiop. 

0-164 

J» 

42 

a Cassiop. 

0*036 

99 

43 

£ Persei 

00 

in 

0 

b 

V 



0036 

Chase, Observatory , vol. xvii. p. 253. 



0-047 

Mean. 

44 

8 Ursae Maj. 

0-080 

Pritchard. 

45 

7 Ursae Maj. 

0-099 


46 

7 Draconis 

0-092 

Molyneux, Nature , vol. xviii. p. 669. 



0-050 

Pritchard. 



0-071 

Mean. 

47 

e Pegasi 

0-080 

Pritchard. 

48 

a Pegasi 

0-082 

99 

5 o 

a Cephei 

0 062 

. 99 

54 

e Cygni 

0-128 

77 

57 

i Ursae Maj. 

0-133 

Peters. 

58 

6 Ursae Maj. 

0-052 

Kapteyn. Cat. Stellar Par. 

59 

a Hereulis 

0050 

Jacob, Mem. vol. xxviii. p. 45. 

60 

5 Hereulis 

0-084 

Leavenworth, Cat. Stellar Par. 

61 

tt Hereulis 

Oil 

Belopolsky, „ 

62 

7 ] Cassiop. 

0-234 

Struve, 



0-257 

Schweizer, M.N. vol. Iv. p. 341. 



0'443 

Davis, ,, ,, ,, 



0311 

Mean. 

63 

7 ] Hereulis 

0-40 

Belopolsky, Cat. Stellar Par. 

64 

10 Ursae Maj. 

020 

)1 }» 5) J> 
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No. 

Star. 

Parallax, 

. Authority, 

65 

70 {p) Ophi, 

U 

0150 

Kruger. 



0-286 

Sehur, Observatory, vol. xvii. p. 252. 



0218 

Mean. 

66 

6 Cassiop. 

0-232 

Jacoby, Annals New York Academy of 




Sciences, vol. viii. 

67 

e Eridani 

0-136 

Elkin, Mem. vol. xlviii. p. 178. 

68 

o 1 Eridani 

0-166 

G-ill, „ „ p. 160. 



0-223 

A. Hall, Observatory, yoI. viii. p. 345. 



0-194 

Mean. 

69 

8 Ursse Min. 

0-034 

L. de Ball, Observatory , vol. viii. p. 314. 

70 

5 Equulei 

0-035 

Leavenworth, Cat. Stellar Tar. 

7 i 

<r Draconis 

0246 

Brunnow, JDunsinJc Obs. vol. i. 

72 

y- Draconis 

0-28 

Belopolsky, Cat. Stellar Tar. 

73 

y l Draconis 

0-32 

» ff »> a 

74 

£ Toucani 

0-057 

Elkin, Mem. vol. xlviii. p. 171. 

75 

61 Cygni 

o -374 

Bessel corrected by Peters. 



o *349 

Peters, Cosmos, vol. iii. p. 260. 



0-505 

0 . Struve, Cat. Stellar Tar. 



o -553 

Auwers, M.N. vol. xxiii. p. 74. 



0-414 

Schweizer, Cat. Stellar Tar. 



0-416 

Socoloif, ,, ,, ,, 



0-466 

Ball, M.N. vol. xl. p. 250 and vol. xli. 




p. 164. 



0-525 

Belopolsky, Cat. Stellar Tar. 



0270 

A. Hall, Nature, vol. xxxv. p. 258. 



0*434 

Pritchard. 



0-431 

Mean. 

76 

/x Cassiop. 

0-342 

0 . Struve. 



0-084 

Schweizer, Cat. Stellar Tar . 



0036 

Pritchard. 



0-275 

Jacoby, Annals New York Academy Sc* 




vol. viii. 



0184 

Mean. 

77 

€ Indi 

0-215 

Gill and Elkin, Mem. vol. xlviii. p. 187. 

78 

Cephei 51 (Hev) 

0 

6 

L. de Ball, Observatory, vol. viii. p. 314. 

79 

3077 Bradley 

(>•205 

Backlund, M.N. vol. xliii. p. 223. 



0-283 

Gylden, n #> 



0*070 

Briinnow. 



0-185 

Mean. 
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No. 

Star. 

Parallax. 

, Authority. 

80 

85 Pegasi 

u _ 

0-058 

Briinnow, Dunsink Obs. vol. ii. 

8l 

20 Leonis Min. 

0-062 

Kapteyn, Cat. Stellar Par. 

82 

1830 Groomb. 

0226 

Peters, M.N vol. xiv. p. 138. 



0'l82 

Sehluter, M.N. vol. xiii. p. 132. 



0-I40 

Wichmann, M.N. vol. xiv. p. 138. 



0-I4I 

Dollen, Cat. Stellar Par. 



0-034 

0 . Struve, M.N. vol. x. p. 124. 



o-oSS 

Dr tin now, Dunsinlc Obs. 



0126 

Kapteyn, Cat. Stellar Par. 



0-134 

Mean. 

83 

1618 Groomb. 

0*324 

Hall, M.N. vol. xiv. p. 254. 



0*176 

Kapteyn, Cat. Stellar Par. 



0*250 

Mean. 

84 

2 1516 

0-199 

Winn echo and Berberich, Nature, vol. xxxv. 




p- 546. 



0*104 

L. de Ball, Nature, vcl. xxxv. p. 546. 



0*152 

Mean. 

85 

21, 185 Lalande 

0*501 

Winnecke, Cat. Stellar Par. 



0*428 

Kapteyn, ., „ ,, 



0464 

Mean. 

86 

9352 Lacaille 

0*285 

Gill, Mem. vol. xlviii. p. 154. 

87 

22398 

0*353 

Lamp, Astr. Nach. 2676 and 2807. 

88 

34 Groomb. 

0*307 

Auwers, d/.A. vol. xxviii. p. 97. 

89 

21, 258 Lalande 

0-262 

„ „ „ xxiii. p. 74- 



0 260 

Kruger, ., ,, p. 172. 


* 

0*168 

Kapteyn, Cat. Stellar Par . 



0*230 

Mean. 

90 

17, 415 Oeltz. A. 

0247 

Kriiger, M.N vol. xxiii. p. 172. 



0151 

Schweizer, Cat. Stellar Par. 



0199 

Mean. 

9 i 

II, 677 Oeltz. A. 

0256 

Geelmuyden, Astr. Nach. 2287. 



0*100 

Franz, Kbnigsberg Obs. vol. xxxviii. 



0-178 

Mean. 


Note III. 

In the following table the radial velocities ascribed to Dr. Huggins were 
taken from the Monthly Notices,. vol. xxxii., p. 361; those ascribed to Green* 
wich were taken from the Revision of 1887 ; and those ascribed to Potsdam 
from the Monthly Notices , vol. lii. p. 541. 
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In the case of any star the mean of the results found by Dr. Huggins and 
at Greenwich was taken when possible, and considered to be the result of 
visual observation, and then the mean of this result and that of photography 

as found at Potsdam was adopted. In the last column ^ is expressed as 

Cbu 

usual in mean radii of the earth’s orbit per annum, and it is found by dividing 
miles per second by 2*9. 


No. 

Star. 

Huggins. Greenwich. 
Miles per see. Miles per see. 

Pot-Jam. 

Miles per sec. 

Adopted. 

Miles per sec. 

dt 

I 

Sirius 

4 20 

O 

- 9-8 

0-0 

0? 

3 

Arcturus 

~55 

— 460 

- 4*8 

- 27*4 

- 9 

5 

Capella 

4 

4 2 bO 

+ 15-2 

4 20*6 

4 7 

6 

H i gel 

+ 15 

4 1 9'i 

- 10 2 

4 13*6 

4 4 

7 

V ega 

*~49 

-36*1 

- 9*5 

— 26*0 

“ 9 

8 

Proeyon 

4 

+ 1 5*5 

- 5 7 

4 4*9 

4 2 

9 

a Orionis 

4 22 

+ 269 

4 107 

4 17*6 

4 6 

10 

Altair 

... 

- 24*9 

— 22‘9 

“ 23*9 

- 8 

11 

Aldebaran 

4. 

+ 320 

4 30-2 

4311 

411 

12 

Spiea 

4 

1 1*9 

- 9-2 

— io*6 

- 4 

13 

Pollux 

“49 

- 31-8 

4 0‘7 

-198 

- 7 ? 

14 

Regulus 

414 

4 IOI 

- 57 

4 32 

4 1 

IS 

a Cygni 

“39 

- 34*1 

“ 5 -o 

— 20*8 

- 7 

16 

Castor 

+ 26 

4 17*8 

— iS *4 

4 1-8 

4 I? 

17 

7 Orionis 

... 

... 

+ 57 

4 57 

4 2 

18 

e Orionis 

... 

... 

416-5 

416-5 

4 6 

19 

C Orionis 

... 

... 

4 9'3 

4 9*3 

+ 3 

20 

e Ursse Maj. 

+ 19 

4 ir 8 

-18-8 

“ i *7 

- I? 

21 

a Persei 

... 

“277 

- 6-4 

— 170 

- 6 

22 

j 3 Tauri 

... 

-I 4’3 

4 50 

- 4*6 

- 2? 

23 

a Ursse Maj. 

-48 

... 

- 7-2 

— 27*6 

“ 9 

24 

7] Ursse Maj. 

4 

... 

-163 

“I63 

- 6 

25 

j 3 Aurigse 

... 

... 

- 17*5 

“ 17*5 

- 6 

26 

a Androm. 

— 

— 28‘2 

4 2-8 

— 12*7 

- 4 ? 

27 

Polaris 

... 

... 

—16*1 

—161 

- 6 

28 

7 Androm. 

... 

... 

- So 

- 8*0 

- 3 

29 

a Arietis 

... 

- I 4 -2 

- 92 

-117 

" 4 

30 

7 Gemin, 

... 

... 

-10-3 

-10*3 

- 4 

3 i 

7 Cassiop. 

4. 

“ 19*3 

— 2’2 

— io*8 

- 4 

32 

Androm. 

••• 

... 

4 TO 

4 7*0 

4 2 

33 

8 Orionis 

... 

... 

4 06 

4 o *6 

0 

34 

7 Leonis 

_ 

— 262 

— 24*0 

-25*1 

“ 9 

35 

& Leonis 

4 

... 

- 7*6 

- 7*6 

- 3 
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No. 

Star. Hugging. 

Mdes per sec. 

Greenwich. 

Miles per sec. 

Potsdam. 

Miles per sec. 

Adopted. 

Miles per sec. — p . 

at 

36 

CUrsaeMaj. 

+ I 9’3 

-19*4 

OO 

O? 

37 

/3 Ursae Min. 

... 

+ 8-9 

+ 8*9 

4 - 3 

3 S 

a Ophiuchi 

—10*9 

4 - II 9 

4- 0 5 

O? 

39 

a Coronae + 

+ 207 

+ 199 

+ 20-3 

4 - 7 

40 

7 Cygni - 

“ i 3‘5 

- 4-0 

- 8-8 

“ 3 

4 i 

$ Cassiop. 

— 1*2 

4 - 3’2 

4 - I’O 

0 

42 

a Cassiop. 

... 

- 9‘5 

- 9‘5 

- 3 

43 

0 Persei 

... 

— 10 

— 10 

0 

44 

/8 Ursse Maj. 4- 

+ 22'9 

- r8 2 

4 - 2‘4 

4 - I? 

45 

7 Ursse Maj. 4- 

+1 7'5 

-165 

4-0-5 

0? 

46 

7 Draconis 

- 7'2 

... 

- 7'2 

— 2 

47 

€ Pegasi 

“14 3 

+ 5 'o 

- 4 *6 

- 2? 

48 

a Pegasi — 

-25-5 

4- o -8 

— I2’4 

- 4 ? 

49 

e Bootis — 

... 

-IOI 

— IO’I 

- 4 

50 

a Cephei ... 

—41*8 

... 

—41-8 

-14 

5 i 

/3 Pegasi 

... 

4 - 4 'I 

4- 4*1 

+ 1 

52 

)3 Librae 

... 

— 6-o 

- 6-0 

— 2 

53 

a Serpentis 

... 

4-14-0 

4 - 14-0 

4 - 5 

55 

5 Leonis 4- 

... 

- 89 

- 8-9 

- 3 

56 

$ Herculis 

<. . 

-220 

— 22-0 

- 8 


Jamaica: 

1896 September. 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 





18 97MNRAS. .57. .357H 


March 1897. Mrs, Young , On the Curve Me. 


379 


On the curve y = 


2 , <mc? its connection with an 


x 2 + sin 2 ^ 

Astronomical Problem. By Mrs. W. H. Young (Miss Grace 
Chisholm). 


(Communicated by Professor O. //. Darwin.) 


Introduction. The Problem mid its Origin. - 

The problem of the determination of the orbit of a comet (or 
other heavenly body) from three observations leads to the study 
of the following equation :— 


m — z- 


(I — 2 z cos i|/- 


'r 


m 

\ 3 


00 


Here m and if/ are certain constants calculated from the obser¬ 
vations ; if/, being the apparent angular distance between the 
comet and the Sun, lies between o° and 18o° ; m may have any 
value, but the sign of m is positive or negative according as the 
apparent path of the comet is convex or concave toward the 
Sun.* 

The unknown quantity % is the ratio of the geocentric dis¬ 
tances of the comet and Sun at the time of the mean observation. 
Hence we perceive that we wish to determine for z a real 
positive value. The quantity A, which is obviously always real, 
is likewise to be taken positive, for it represents the ratio of the 
heliocentric distances of the comet and Earth at the time of the 
mean observation. 

If we rationalise the equation by squaring both sides we 
obtain an equation of the eighth degree in z, which, as such, pos¬ 
sesses eight complex solutions, conjugate in pairs. One of these 
is, however, obviously zero; hence at least one of the other seven 
solutions is real. The solution z = o corresponds to the ease 
where we have been observing, not a heavenly body at all, but a 
speck in our own atmosphere, or even in the telescope itself; a 
mistake which is, theoretically at least, always possible. 

We have, then, seven solutions to take into account, of which 
an odd number (>o< 7) are real. Possibly no one of these real 
solutions is positive ; in this case the calculations of m and if/ 
from the observations, or ultimately the observations themselves, 

* m == T jIl±L s iQ P " * 

2 sin p„ R/ 

P /y and r pii being the perpendiculars from the Sun and comet respectively at 
the time of the mean observation on the great circle through the extreme 
positions of the comet; is the distance at the same time of the Earth and 
Sun; t j is the interval of time between the first and second observations 
multiplied by Gauss’s constant; and r tu is the same quantity for the second 
and third observations (Oppolzer, p. 362). 
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